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Abstract
One of the key climate change factors, temperature, has potentially grave implications for human health. We report the first
attempt to investigate the association between the daily 3-hour maximum apparent temperature (Tappmax) and respiratory
(RD), cardiovascular (CVD), and cerebrovascular (CBD) emergency hospital admissions in Copenhagen, controlling for air
pollution. The study period covered 1 January 2002231 December 2006, stratified in warm and cold periods. A case-
crossover design was applied. Susceptibility (effect modification) by age, sex, and socio-economic status was investigated.
For an IQR (8uC) increase in the 5-day cumulative average of Tappmax, a 7% (95% CI: 1%, 13%) increase in the RD admission
rate was observed in the warm period whereas an inverse association was found with CVD (28%, 95% CI: 213%, 24%), and
none with CBD. There was no association between the 5-day cumulative average of Tappmax during the cold period and any
of the cause-specific admissions, except in some susceptible groups: a negative association for RD in the oldest age group
and a positive association for CVD in men and the second highest SES group. In conclusion, an increase in Tappmax is
associated with a slight increase in RD and decrease in CVD admissions during the warmer months.
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Introduction
The influence of weather changes on human health is well
known since the era of Hippocrates (430 BC) [1]. The effect of
certain weather types (heat waves and air mass types), specific
weather parameters, and also of the atmospheric environment in
general on human health, particularly all-cause mortality, has
been studied extensively [2–5]. The Intergovernmental Panel on
Climate Change (IPCC) and the World Health Organisation
highlight that global climate change will have various impacts,
some of which are positive, but mostly negative, on human health
[6,7]. Rising temperature is one of the key climatic change factors
with direct effects on health.
Clarifying the relationship between key climate change factors
and specific health outcomes can assist in identifying vulnerable
populations and aid policy makers in formulating preventive
actions. Few studies investigated the relationship between non-heat
wave temperature and cause-specific mortality [2,3], morbidity
[8–12], or were conducted in Scandinavia [13–16]. In a colder
climate the increase of global temperature may benefit health [4],
although the wintertime increase in total non-accidental mortality
may be due to infectious disease and not direct effect of cold
weather [17]. However, few studies investigated the relationship
between raised temperature and mortality and morbidity during
the colder seasons [4,18–20]. It is likely that the overall effect of
raised temperature strongly depends on the cause and type of
health outcome (death or hospital admission) and population
characteristics (age, sex, socio-economic status (SES)), and the
efficiency of the health system. Moreover, air pollution may
interact with temperature.
The aim of the study was to investigate the association between
the daily 3-hour maximum apparent temperature (Tappmax) and
total respiratory (RD), cardiovascular (CVD), and cerebrovascular
(CBD) emergency hospital admissions between 2002–2006 in
Greater Copenhagen, Denmark. Confounding by ambient
concentrations of PM10 (particulate matter ,10 mm in diameter),
nitrogen dioxide (NO2), and carbon monoxide (CO) was
considered along with effect modification by age, sex and SES.
Methods
Health outcome, temperature, and confounder definition
Hospital admission data were retrieved from the Danish
Hospital Discharge Register for inhabitants of Greater Copenha-
gen (postal code ,2930, #15 km radius from the city centre,
population <1 million) who were .18 years and lived in the area
between 1 January 2002231 December 2006. All hospital
admissions with International Classification of Diseases 10th
Revision (ICD 10) codes I002I52 (CVD), J002J99 (RD) and
I602I69 (CBD) were included. Only primary diagnosed and
emergency hospital admissions were included.
Meteorological and air pollution data were measured at the
Copenhagen urban background monitoring station by the
Department of Environmental Sciences, Aarhus University [21].
The urban background monitoring station is located on the roof of
a 20 m high building in the centre of Copenhagen about 300 m
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26 000 and 56 000 vehicles respectively, and minimal contribution
from local pollution sources in accordance with WHO guidelines.
Air pollution data included measurements of PM10 (Beta
attenuation by SM200 monitor; Opsis, Sweden), NO2 (M 200A;
API, San Diego, USA) and CO (M 300 monitor; API, San Diego,
USA). Ozone (O3) data were not used due to large number of days
with missing measurements. Temperature and relative humidity
(RH) were measured with the HMP45a probe (Vaisala, Helsinki).
PM10,N O 2 and CO data were applied as 24-hour averages
(midnight to midnight). NO2 was also used as a daily 1-hour
maximum (NO2max). During the study period there were 147 and
67 days with missing values for the pollutants and meteorological
variables, respectively, with a total of 182 days with missing data
out of 1 826 days.
The primary exposure variable was a 3-hour maximum
apparent temperature (Tappmax). Apparent temperature is a
construct intended to reflect the physiological experience of
combined exposure to humidity and temperature and thereby
better capture the response on health than temperature alone
[2,3]. The measurements of RH have a minor error, which is most
likely due to the calibration. However, this has a minor impact on
the calculation of Tappmax.
Influenza epidemics data were provided by the National Serum
Institute as weekly percentage of total general physician’s
consultations due to influenza in Denmark, whereas city level
data were not available.
Addresses of the 70 061 hospitalised persons were retrieved by
linkage with the Danish personal identification number registry. A
recent report was published on SES groups in Greater Copenha-
gen, which classified communities and the inner city neighbour-
hoods into four SES groups, based on household income,
educational and employment status [22]. An area SES class was
assigned to each person by linking the home street code to a
geographical information system dataset. The vast majority (90%)
of the 70 061 hospitalised persons lived at only one address during
2002–2006. A SES class could not be assigned to 10 146 hospital
admissions (5 094 people) due to invalid street codes. A SES code
was assigned for the valid address at which the person lived
longest. In the case of more than three addresses, the mode of the
area SES classes at the different addresses was assigned to that
person.
Statistical analyses
The time-stratified case-crossover design was applied to
investigate the association between Tappmax and the cause-specific
hospital admissions. The case-crossover design was developed as a
variant of the case-control design to study the effects of transient
exposures on emergency events, comparing each person’s
exposure in a time period just prior to a case-defining event with
person’s exposure at other times [23]. Hereby, control on all
measured and unmeasured personal characteristics that do not
vary over a short time period is accomplished. If in addition, the
control days are chosen close to the event day, personal
characteristics that vary slowly over time are also controlled by
matching. A time-stratified approach was applied to select the
control days, defining the day of hospital admission as the case day
and same day of the week in the same month and year as control
days. With this approach even very strong confounding of
exposure by seasonal patterns is controlled by design [24–27].
The data were analysed using conditional logistic regression
analysis (PROC PHREG in SAS 9.2, SAS Institute, Cary, NC).
Public holidays were controlled for by use of dummy variables.
A previous study in Copenhagen reported a linear relationship
between the air pollutants and the cause-specific admissions for the
period 1999–2004 [28]. The pollutants were therefore modelled as
linear terms, one pollutant at a time.
Lag0 (same day exposure as day of admission) to lag5 (exposure
five days prior to day of admission) of Tappmax were investigated,
as well as cumulative averages: mean of lag0-1 (2-day moving
average, CA2), and up to mean lag0-4 (CA5) (Figures S1, S2, S2,
S4, S5, Text S1). Control days for lag1 to 5 were defined as for
lag0. The lag of Tappmax with the lowest Akaike Information
Criterion (AIC) was applied in the stratified models. In general, the
lowest AIC model had the strongest association (i.e. highest
absolute association measure) between Tappmax and a cause-
specific outcome. A large European study applied longer lags up to
CA15 for the cold period [19]. We did not find any evidence of a
delayed effect in the cold period (Figure S6, Text S2).
Hazard ratios (HR) and the 95% confidence intervals (CI) were
calculated per inter-quartile range (IQR) increase in Tappmax (in
uC). The results are presented as the percent excess risk in cause-
specific admissions per IQR increase in Tappmax using the
following calculation: b
(HR – 1) 6 100%, where b is the model
estimate.
Models were first stratified by seasonal period (warm or cold).
Figure S7 indicates the average number of cause-specific hospital
admissions per Tappmax (lag0). We did not observe a Tappmax
threshold in Copenhagen for which a minimum number of cause-
specific hospital admissions occurred (Text S3). We therefore split
a year into a warm and cold period. The warm and cold periods
were defined as April–September and October–March, respec-
tively, as for Stockholm and cities [8,10].
Due to the nature of the case-crossover design where each
person is his/her own control, susceptibility cannot be investigated
by including an interaction term between the susceptibility
variable and Tappmax. Susceptibility was therefore investigated
in stratified analyses by sex, age and SES groups. Age was
categorised as 19–65, 66–80 and .80 years.
Sensitivity analyses were applied. The linearity of the relation-
ship between Tappmax and each cause-specific outcome was
confirmed in the case-crossover design with the use of restricted
cubic spline variables of Tappmax (4 knots), in the survival and design
packages in R statistical software (R Development Core Team,
2010) (results not shown).
Other sensitivity analyses included applying the 24-hour
average temperature as an alternative temperature definition,
whilst also adjusting for the 24-hour average RH and air pollution
levels, public holidays and influenza epidemic (Figures S8 and S9,
Tables S4, S5, S6, S7, S8, Text S4). Interaction between Tappmax
and PM10 was investigated by including an interaction term in the
RD and CVD models. The number of hospital admissions in our
study provided a 78–98% power to detect a significant association
at the 95% level.
Results
The results are based on 50 096 RD, 60 545 CVD and 17 941
CBD emergency hospital admissions for 23 078, 33 487 and 13
496 people (.18 years), respectively.
Table 1 displays a summary of the meteorological conditions,
air pollution levels, and influenza epidemics during the study
period. None of the EU air quality limit values were exceeded at
the urban background level (PM10:4 0mg.m
23 (annual), NO2:2 1
ppb (annual), CO: 5.3 ppm (1-hour max)), but PM10 and NO2
limit values were exceeded at street level (not shown) [21]. Table 2
displays the Spearman correlations between Tappmax and air
pollutants in the warm and cold periods.
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pollutants were selected for inclusion in the final models presented
here. Results for individual lags and cumulative averages for both
temperature and air pollutants, as well as two pollutant models
with CA5 of Tappmax and pollutants are presented and discussed
in the supplementary material (Figures S1, S2, S3, S4, S5, Tables
S1, S2, S3, Text S1). The RD and CVD models were adjusted for
PM10, whilst the CBD models were adjusted for NO2max in the
warm period (Table 3). The RD models were adjusted for PM10 in
the cold period (Table 4).
In the warm period, an IQR increase in Tappmax was associated
with an increase of 7% (95% CI: 1%, 13%) in RD admissions
(Table 3). Stronger associations were observed for the 66–80 year
age group, women, lowest and second highest SES groups. For an
IQR increase in Tappmax there was a decrease of 8% (95% CI:
4%, 13%) in CVD admissions, strongest for the oldest age group,
women, and lowest SES groups. There was no association between
Tappmax and CBD admissions in the warm period (Table 3) or
with any of the cause-specific admissions in the cold period, except
with RD admissions for the oldest age group (negative association)
and with CVD admissions for men and the second highest SES
groups (positive association) (Table 4).
No interaction between Tappmax and the air pollutants was
detected for any of the cause-specific admissions. The robustness
of the observed associations was confirmed in models with an
alternative temperature definition: the same lag structure and
similar effect estimates were observed (Figures S8 and S9, Tables
S4, S5, S6, S7, S8, Text S4).
Discussion
This is the first attempt to evaluate the association between
temperature and RD, CVD and CBD emergency hospital
admissions in Greater Copenhagen, and this included possible
interaction with air pollution and effect modification by sex, age
and SES.
We observed a modest increase of 0.8% per 1uC (95% CI:
0.1%, 1.5%) in total RD emergency admissions with rising Tappmax
in the warm period. Studies from North-Continental cities in
Europe, California and London, UK reported similar associations
between total RD admissions (emergency or planned) and
Tappmax, Tapp or Tave (per 1uC) during the warm period [8–
10]. The Californian study estimated Tapp for each home by a
geographical information system model [9]. The British study
identified a threshold of 23uC, while the North-Continental study
restricted the analyses above the city specific 90
th percentile of
Tappmax (20–29uC) [8,10].
An apparent protective effect of high Tappmax on total CVD
emergency admissions was observed in the warm season: 1.1%
decrease per 1uC increase (95% CI: 0.5%, 1.7%), which is in
agreement with a weak protective effect on total CVD admissions
(emergency or planned) reported for the North-Continental
European cities and in the Californian study [8,9]. A study from
London failed to find association between temperature and total
CVD admissions (emergency or planned) [10]. A large US study
observed a slight increase in total CVD emergency admissions with
increasing temperature (all year) [11].
Few studies have investigated the association between temper-
ature and total CBD admissions with inconsistent results [8–
10,12]. The lack of association between Tappmax and total CBD
emergency admissions in the warm period in Copenhagen corrob-
orate findings from large studies in Europe and California [8,9].
Studies from California and the UK reported inverse associations
between temperature and total CBD admissions [10,12].
There was no association with Tappmax during the cold period
and any of the cause-specific admissions, except with RD and
CVD for some susceptible groups. Studies that focus on
temperature effects on hospital admissions in the cold months
are lacking.
We did not observe a Tappmax threshold in Copenhagen for
which a minimum number of cause-specific hospital admissions
occurred (Figure S7, Text S3). However, the weight (number of
days) of each Tappmax is different and is taken into account in
regression analyses. A linear negative (insignificant) and positive
relationship between RD hospital admissions, and Tappmax was
observed during the cold and warm periods, respectively. For
Table 1. Air pollutant levels and meteorological conditions in
Greater Copenhagen and influenza epidemics in Denmark
during study period (1 January 2002231 December 2006).
All year
Warm
period Cold period
Number of days 1 826 915 911
Tappmax (6C)
Number of days with missing
data
67 26 41
Mean 6 SD 10681 6 664 65
Minimum 280 28
Maximum 30 30 18
Percentiles
25
th 31 2 0
50
th 10 17 3
75
th 17 20 7
Inter-quartile range 14 8 7
PM10 (mg/m
3)
Number of days with missing
data
37 7 30
Mean 6 SD 27614 27612 28615
NO2 (ppb)
Number of days with missing
data
70 29 41
Mean 6 SD 12651 1 641 3 66
NO2max (ppb)
Number of days with missing
data
51 21 30
Mean 6 SD 22610 22692 3 610
CO (ppm)
Number of days with missing
data
113 77 36
Mean 6 SD 0.2760.10 0.2260.06 0.3260.10
Weekly GP visits due to
influenza in Denmark (%)
Number of days with missing data 0 0 0
Percentiles
25
th 0.00 0.00 0.90
50
th 0.60 0.00 1.10
75
th 1.30 0.50 2.00
Inter-quartile range 1.30 0.50 1.10
Warm period: April–September, Cold period: October–March.
SD: Standard deviation, GP: General practitioner.
doi:10.1371/journal.pone.0022904.t001
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relationship was observed during the cold and warm periods,
respectively. However, these weak associations are related to the
absolute Tappmax, whereas our case-crossover study focuses on
short-term Tappmax deviations (between case and control days)
within a limited period of one month.
The observed lag structure with main apparent effects on cause-
specific admissions occurring within 5 days in our study is
compatible with the patterns observed elsewhere [8–12]. Howev-
er, few of these studies investigated confounding by air pollutants
[8–10]. There is evidence that confounding by PM10 and NO2max
is present in the association between Tappmax and RD, CVD or
CBD hospital admissions, particularly in the warm period (Text
S1). This finding has implications for the analyses of future studies.
Our estimate of 4% (95% CI: 2%, 6%) increase in total RD
emergency admissions (.18 years) per 10 mg/m
3 increase in the CA5
of PM10 concentration during the warm period, is slightly stronger
than that of a previous study conducted in Copenhagen (six
specific types of RD admission, $65 years, emergency or planned)
and elsewhere [28–30].
Our estimate of association between Tappmax and total CVD
emergency admissions (.18 years) of 2% (0.3%; 4%) following
Table 3. Association between Tappmax and hospital admissions, by cause, expressed as percentage increase in risk (%) and 95%
confidence intervals per inter-quartile increase in 5-day cumulative average of Tappmax (in uC) during the warm period of 1 January
2002231 December 2006 in Greater Copenhagen.
Respiratory disease
ab Cardiovascular disease
ab Cerebrovascular disease
ac
IQR n
d % 95% CI IQR n % 95% CI IQR n % 95% CI
All 8 20350 6.5 0.7 12.6 8 25872 28.4 212.9 23.7 8 7762 0.3 27.0 8.2
Age categories
19–65 years 8 5036 4.4 26.7 16.9 8 8511 29.9 217.5 21.7 8 2032 25.7 218.9 9.7
66–80 years 8 8925 9.8 0.9 19.5 8 9497 21.7 29.6 6.8 8 2888 20.7 212.2 12.4
.80 years 8 6389 3.8 26.1 14.7 8 7865 214.3 221.8 26.1 8 2842 5.7 26.8 19.7
Sex
Women 8 11472 9.5 1.6 18.0 8 11740 212.2 218.5 25.4 8 4094 0.8 29.1 11.8
Men 8 8878 2.8 25.6 11.9 8 14132 25.2 211.4 1.5 8 3668 20.3 210.8 11.5
Socio-economic
status
Lowest 8 6819 10.8 0.6 22.1 7 7975 214.5 221.0 27.4 8 1811 6.9 29.0 25.6
Second lowest 8 5287 21.3 211.6 10.1 8 6807 24.4 213.3 5.5 8 2154 5.3 28.9 21.7
Second highest 8 4572 13.2 0.5 27.5 8 6053 25.2 214.5 5.2 8 2053 22.7 215.9 12.6
Highest 8 1909 5.6 211.8 26.5 8 3065 4.4 29.8 20.9 8 1273 20.2 216.8 19.9
Warm period: April–September.
aAdjusted for public holidays and influenza rates.
bAdjusted for 5-day cumulative average of PM10 ((lag0+lag1+lag2+lag3+lag4)/5).
cAdjusted for 5-day cumulative average of NO2max.
dNumber of admissions.
doi:10.1371/journal.pone.0022904.t003
Table 2. Spearman correlation coefficient between Tappmax and pollutants in Greater Copenhagen during 1 January 2002231
December 2006.
Cold period PM10 CO NO2 NO2max
Tappmax 0.051
a,8 5 4
b, 0.134
c 20.280, 855, ,.0001 0.036, 849, 0.291 0.013, 855, 0.709
PM10 2 0.549, 864, ,.0001 0.475, 859, ,.0001 0.294, 868, ,.0001
CO 220.707, 869, ,.0001 0.581, 870, ,.0001
Warm period PM10 CO NO2 NO2max
Tappmax 0.341, 884, ,.0001 20.192, 823, ,.0001 0.088, 869, 0.009 0.107, 875, 0.002
PM10 2 0.462, 833, ,.0001 0.440, 881, ,.0001 0.358, 889, ,.0001
CO 220.571, 826, ,.0001 0.498, 830, ,.0001
Cold period: October–March, Warm period: April–September.
aSpearman correlation coefficient.
bNumber of days with data.
cp-value.
doi:10.1371/journal.pone.0022904.t002
Temperature and Hospital Admissions in Copenhagen
PLoS ONE | www.plosone.org 4 July 2011 | Volume 6 | Issue 7 | e2290410 mg/m
3 increase in the CA5 of PM10 during the warm period is
generally higher than those observed from time-series studies in
USA, Europe, and specifically in Stockholm (total CVD
admissions; all ages, emergency or planned), and Copenhagen
(ten specific types of CVD admissions, $65 years, emergency and
planned) [28,31,32]. These studies also observed PM10 effects on
CVD admissions within a week. We found no clear association
between total CVD emergency admissions, and NO2,N O 2max or
CO, suggesting weak influence of local traffic (Text S1).
The observed estimate associated with PM10 was stronger for
RD than CVD admissions, suggesting a steeper dose-response
relationship for the former. Other studies also observed higher
estimates for PM10 effect on total RD morbidity than for total
CVD [29–32].
Studies investigating modification of the effect of temperature
on cause-specific hospital admissions are scarce. Sensitivity to
temperature may be disease specific and understanding these
differences may assist in identifying the vulnerable populations and
planning of preventive measures. We found the strongest
associations between Tappmax in the warm period and RD or
CVD admissions amongst women, the elderly, and the lowest SES
group. Age has been reported as effect modifier for total RD
admissions with the elderly more susceptible to temperature
changes [8,10].
The underlying mechanisms behind adverse effects of warm
temperature for prolonged periods of time on CVD and RD
outcomes may involve blood flow shifts to subcutaneous areas and
away from the vital organs, in an effort to cool the body [2,3].
Inadequate thermoregulation may occur when too much blood is
diverted, putting increased stress on the heart and lungs. Increased
blood viscosity due to dehydration and elevated cholesterol levels
associated with higher temperatures, and a higher sweating
threshold in the elderly may also trigger heat-related health effects
in susceptible individuals [2,3]. This is aggravated by any factor
that hampers sweating, such as high ambient humidity, reduced
air currents (no breeze, tight fitting clothes) or anticholinergic
drugs [2,3].
The mechanism by which cold ambient conditions can increase
the risk of CVD remains unclear [4]. However, there are several
factors which have been shown to have clear seasonal variations,
including winter increases in plasma cholesterol, plasma fibrino-
gen, blood pressure, and red and white blood cell counts. In
Copenhagen protective effects with respect to CVD of increasing
temperature even in the warm season could be due to the relatively
cold climate with average temperatures from 6uC in April to 16uC
in July and yet more exposure as people tend to be more outdoors.
Advantages of our study include accurate meteorological, air
pollution, and health outcome data. Some disease misclassification
is possible, but it is unlikely to be related to temperature.
One limitation of the study is the assumption that the outdoor
temperature and humidity measured in the inner city is the same
across Greater Copenhagen. Another limitation is the assumption
that outdoor temperature is a surrogate for personal exposure.
This can potentially lead to bias in the estimated association,
which may be more pronounced among the elderly and other frail
groups who generally spend most of their time indoors and in
fewer geographical areas.
Our results support the notion that moderate changes in
ambient temperature are associated with impacts on human health
even in a cool temperate climate. This association (assumed to be
causal) is complex and depends on the specific health outcome
(death or hospital admission), population characteristics (age, sex,
SES), exposure conditions and the efficiency of the health care
system, which all vary with time [33]. The results of this and many
similar studies on temperature (and other key climate change
factors) and health can thus not be extrapolated infinitely into the
Table 4. Association between Tappmax and hospital admissions, by cause, expressed as percentage increase in risk (%) and 95%
confidence intervals per inter-quartile increase in 5-day cumulative average of Tappmax (in uC) during the cold period of 1 January
2002231 December 2006 in Greater Copenhagen.
Respiratory disease
ab Cardiovascular disease
a Cerebrovascular disease
a
IQR n
c % 95% CI IQR n % 95% CI IQR n % 95% CI
All 7 22593 23.9 27.6 0.0 7 27911 3.5 20.1 7.2 7 8064 0.8 25.6 7.6
Age categories
19–65 years 7 5551 20.6 28.2 7.7 7 8988 3.7 22.5 10.4 7 2056 10.4 22.9 25.6
66–80 years 7 9789 20.7 26.5 5.5 7 10130 3.0 22.8 9.2 7 3121 0.7 29.4 11.9
.80 years 7 7253 210.6 216.7 24.0 7 8793 3.6 22.6 10.4 7 2887 25.8 215.7 5.2
Sex
Women 7 12982 24.6 29.5 0.5 7 12785 0.2 24.9 5.5 7 4199 0.3 28.5 10.0
Men 7 9611 23.0 28.8 3.1 7 15126 6.4 1.4 11.7 7 3865 1.3 27.8 11.3
Socio-economic
status
Lowest 7 7605 21.2 27.7 5.8 7 8471 3.8 22.6 10.6 7 1855 15.3 0.7 31.9
Second lowest 7 5563 23.3 210.7 4.8 7 7414 1.0 25.6 8.1 7 2291 25.0 216.0 7.5
Second highest 7 5015 24.2 212.0 4.3 7 6550 9.7 2.0 17.9 7 2043 5.9 27.4 21.2
Highest 6 2324 0.0 210.0 11.1 7 3329 27.5 216.5 2.5 7 1293 25.3 219.5 11.4
Cold period: October–March.
aAdjusted for public holidays and influenza rates.
bAdjusted for 5-day cumulative average of PM10 ((lag0+lag1+lag2+lag3+lag4)/5).
cNumber of admissions.
doi:10.1371/journal.pone.0022904.t004
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in populations, the rate and intensity of projected climate change
and adaptation, as stressed by the IPCC [6].
Supporting Information
Figure S1 Percentage change (95% CI) in cause-specific
hospital admissions in Greater Copenhagen per IQR
increase in Tappmax during the warm and cold periods
(1 January 2002231 December 2006), adjusted for public
holidays and influenza (not for any pollutants).
(TIF)
Figure S2 Percentage change (95% CI) in cause-specific
hospital admissions in Greater Copenhagen per IQR
increase in PM10,N O 2,N O 2max and CO during the warm
period (1 January 2002231 December 2006), adjusted
for Tappmax, public holidays and influenza.
(TIF)
Figure S3 Percentage change (95% CI) in cause-specific
hospital admissions in Greater Copenhagen per IQR
increase in PM10,N O 2,N O 2max and CO during the cold
period (1 January 2002231 December 2006), adjusted
for Tappmax, public holidays and influenza.
(TIF)
Figure S4 Percentage change (95% CI) in cause-specific
hospital admissions in Greater Copenhagen per IQR
increase in Tappmax during the warm period (1 January
2002 2 31 December 2006), adjusted for public holidays,
influenza and PM10,N O 2,N O 2max or CO.
(TIF)
Figure S5 Percentage change (95% CI) in cause-specific
hospital admissions in Greater Copenhagen per IQR
increase in Tappmax during the cold period (1 January
2002231 December 2006), adjusted for public holidays,
influenza and PM10,N O 2,N O 2max or CO.
(TIF)
Figure S6 Percentage change (95% CI) in cause-specific
hospital admissions in Greater Copenhagen per IQR
increase in Tappmax during the cold period (1 January
2002231 December 2006), adjusted for public holidays
and influenza (CVD and CBD), and PM10 (RD).
(TIF)
Figure S7 Total and average number of cause-specific
hospital admissions per Tappmax (lag0) in Greater
Copenhagen during 1 January 2002231 December 2006.
(TIF)
Figure S8 Percentage change (95% CI) in cause-specific
hospital admissions in Greater Copenhagen per IQR
increase in temperature during the warm and cold
periods (1 January 2002231 December 2006), adjusted
for public holidays, influenza and relative humidity (not
for any pollutants).
(TIF)
Figure S9 Percentage change (95% CI) in cause-specific
hospital admissions in Greater Copenhagen per IQR
increase in temperature during the warm and cold
periods (1 January 2002231 December 2006), adjusted
for public holidays and influenza (not for relative
humidity or any pollutants).
(TIF)
Table S1 Association between Tappmax and total respi-
ratory hospital admissions expressed as percentage
increase in risk (%) and 95% confidence intervals per
inter-quartile increase in 5-day cumulative average of
Tappmax (in 6C) and 5-day cumulative average of PM10
(in mg.m
23) and NO2 (in ppb) during the warm and cold
period of 1 January 2002231 December 2006 in Greater
Copenhagen.
(DOC)
Table S2 Association between Tappmax and total car-
diovascular hospital admissions expressed as percent-
age increase in risk (%) and 95% confidence intervals
per inter-quartile increase in 5-day cumulative average
of Tappmax (in 6C) and 5-day cumulative average of PM10
(in mg.m
23), NO2 (in ppb), NO2max (in ppb) and CO (in
ppm) during the warm period of 1 January 2002231
December 2006 in Greater Copenhagen.
(DOC)
Table S3 Association between Tappmax and total cere-
brovascular hospital admissions expressed as percent-
age increase in risk (%) and 95% confidence intervals
per inter-quartile increase in 5-day cumulative average
of Tappmax (in 6C) and 5-day cumulative average of
NO2max (in ppb) during the warm period of 1 January
2002231 December 2006 in Greater Copenhagen.
(DOC)
Table S4 Association between temperature and hospital
admissions, by cause, expressed as percentage increase
in risk (%) and 95% confidence intervals per inter-
quartile increase in 5-day cumulative average of tem-
perature (in 6C) during the warm period of 1 January
2002231 December 2006 in Greater Copenhagen.
(DOC)
Table S5 Association between temperature and hospital
admissions, by cause, expressed as percentage increase
in risk (%) and 95% confidence intervals per inter-
quartile increase in 5-day cumulative average of tem-
perature (in 6C) during the cold period of 1 January
2002231 December 2006 in Greater Copenhagen.
(DOC)
Table S6 Association between temperature and hospital
admissions, by cause, expressed as percentage increase
in risk (%) and 95% confidence intervals per inter-
quartile increase in 5-day cumulative average of tem-
perature (in 6C) during the warm period of 1 January
2002231 December 2006 in Greater Copenhagen.
(DOC)
Table S7 Association between temperature and hospital
admissions, by cause, expressed as percentage increase
in risk (%) and 95% confidence intervals per inter-
quartile increase in 5-day cumulative average of tem-
perature (in 6C) during the cold period of 1 January
2002231 December 2006 in Greater Copenhagen.
(DOC)
Table S8 Spearman correlation coefficient between
temperature, relative humidity and pollutants in Greater
Copenhagen during 1 January 2002231 December 2006.
(DOC)
Text S1 Lag selection of Tappmax and air pollutants.
(DOC)
Temperature and Hospital Admissions in Copenhagen
PLoS ONE | www.plosone.org 6 July 2011 | Volume 6 | Issue 7 | e22904Text S2 Longer lags in the cold period.
(DOC)
Text S3 Tappmax threshold.
(DOC)
Text S4 Sensitivity analyses: alternative temperature
definition.
(DOC)
Acknowledgments
The authors would like to thank Martin Hvidberg (The National Survey
and Cadastre, Copenhagen, Denmark) for his assistance in setting up the
SES variable. Gratitude is also expressed towards the National Serum
Institute for providing the influenza epidemic data. Preliminary results
were presented in an oral presentation at the 21
st International Society of
Environmental Epidemiology Conference, Dublin, Ireland, 25–29 August
2009.
Author Contributions
Conceived and designed the experiments: ZA SL. Performed the
experiments: JW MK TE. Analyzed the data: JW ZA. Contributed
reagents/materials/analysis tools: MK TE. Wrote the paper: JW ZA MK
TE SL.
References
1. Falagas ME, Bliziotis I, Kosmidis J, Daikos GK (2010) Unusual climatic
conditions and infectious diseases: observations made by Hippocrates. Enferm
Infecc Microbiol Clin 28: 716–718.
2. Kovats RS, Hajat S (2008) Heat stress and public health: a critical review. Annu
Rev Public Health 29: 41–55.
3. Basu R (2009) High ambient temperature and mortality: a review of
epidemiologic studies from 2001 to 2008 Environ Health 8(40). Online
first;doi:10.1186/1476-069X-8-40.
4. Mercer JB (2003) Cold—an underrated risk factor for health. Environ Research
92: 8–13.
5. World Health Organisation. Air Quality Guideline Global Update 2005:
Available: http://www.euro.who.int/__data/assets/pdf_file/0005/78638/
E90038.pdf. Accessed 8 June 2011.
6. World Meteorological Organisation, United Nations Environment Programme.
Intergovernmental Panel on Climate Change. Available: http://www.ipcc-wg2.
gov/publications/AR4/index.html. Accessed 8 June 2011.
7. Matthies F, Bickler G, Carden ˜osa Marı ´n N, Hales S, eds (2008) Heat–Health
Action Plans. Guidance. Copenhagen, World Health Organisation Regional
Office for Europe.
8. Michelozzi P, Accetta G, De Sario M, D’Ippoliti D, Marino C, et al. (2009) High
temperature and hospitalizations for cardiovascular and respiratory causes in 12
European cities. Am J Respir Crit Care Med 179(5): 383–389.
9. Green RS, Basu R, Malig B, Broadwin R, Kim JJ, et al. (2010) The effect of
temperature on hospital admissions in nine California counties. Int J Public
Health 55: 113–121.
10. Kovats RS, Hajat S, Wilkinson P (2004) Contrasting patterns of mortality and
hospital admissions during heatwaves in London, UK. Occup Environ Med 61:
893–898.
11. Schwartz J, Samet JM, Patz JA (2004) Hospital admissions for heart disease: the
effects of temperature and humidity. Epidemiology 15: 755–761.
12. Ebi KL, Exuzides KA, Lau E, Kelsh M, Barnston A (2004) Weather changes
associated with hospitalizations for cardiovascular diseases and stroke in
California, 1983-1998. Int J Biometeorol 49(1): 48–58.
13. Nafstad P, Skrondal A, Bjertness E (2001) Mortality and temperature in Oslo,
Norway, 1990–1995. Eur J Epidemiol 17: 621–627.
14. Rocklo ¨v J, Forsberg B (2008) The effect of temperature on mortality in
Stockholm 1998-2003: A study of lag structures and heatwave effects.
Scand J Public Health 36: 516–523.
15. Na ¨yha ¨ S (2007) Heat mortality in Finland in the 2000s. Int J Circumpolar
Health 66(5): 418–424.
16. Na ¨yha ¨ S (2005) Environmental temperature and mortality. Int J Circumpolar
Health 64: 451–458.
17. Reichert TA, Simonsen L, Sharma A, Pardo SA, Fedson DS, et al. (2004)
Influenza and the winter increase in mortality in the United States, 1959-1999.
Am J Epidemiol 160(5): 492–502.
18. Keatinge WR, Donaldson GC, Cordioli E, Martinelli M, Kunst AE, et al. (2000)
Heat related mortality in warm and cold regions of Europe: observational study.
BMJ 321(7262): 670–673.
19. Analitis A, Katsouyanni K, Biggeri A, Baccini M, Forsberg B, et al. (2008)
Effects of cold weather on mortality: results from 15 European cities within the
PHEWE project. Am J Epidemiol 168(12): 1397–408.
20. Wilkinson P, Pattenden S, Armstrong B, Fletcher A, Kovats RS, et al. (2004)
Vulnerability to winter mortality in elderly people in Britain: population based
study. BMJ 329(7467): 647.
21. Ellermann T, Nordstrøm C, Brandt J, Christensen J, Ketzel M, et al. (2011) The
Danish Air Quality Monitoring Programme. Annual Summary for 2010.
National Environmental Research Institute, Aarhus University, Technical
Report No. 836.
22. Danish Health Review for Regions and Communes. Sundhedsprofil for region
og kommuner. Forskningscenter for Forebyggelse og Sundhed (in Danish).
Available: http://www.regionh.dk/NR/rdonlyres/8DC6D62D-DBC3-4219-
8B1E-6113226066E9/0/Sundhedsprofil2008_for_RegionH.pdf. Accessed 8
June 2011.
23. Maclure M (1991) The case-crossover design: a method for studying transient
effects on the risk of acute events. Am J Epidemiol 133(2): 144–153.
24. Bateson TF, Schwartz J (1999) Control for seasonal variation and time trend in
case-crossover studies of acute effects of environmental exposures. Epidemiology
10(5): 539–544.
25. Lee JT, Kim H, Schwartz J (2000) Bidirectional case-crossover studies of air
pollution: bias from skewed and incomplete waves. Environ Health Perspect
108(12): 1107–1111.
26. Bateson TF, Schwartz J (2001) Selection bias and confounding in case-crossover
analyses of environmental time-series data. Epidemiology 12(6): 654–661.
27. Levy D, Lumley T, Sheppard L, Kaufman J, Checkoway H (2001) Referent
selection in casecrossover analyses of acute health effects of air pollution.
Epidemiology 12(2): 186–192.
28. Andersen ZJ, Wahlin P, Raaschou-Nielsen O, Scheike T, Loft S (2007) Ambient
particle source apportionment and daily hospital admissions among children and
elderly in Copenhagen. J Expo Sci Environ Epidemiol 17(7): 625–636.
29. HEI. Revised Analyses of Time-Series Studies of Air Pollution and Health.
Health Effects Institute, Boston, 2003.
30. World Health Organisation (2004) Meta-Analysis of Time-Series Studies and
Panel Studies of Particulate Matter (PM) and Ozone (O3). World Health
Organization, Regional Office for Europe, Copenhagen, Denmark.
31. Metzger KB, Tolbert PE, Klein M, Peel JLFlandersWD, et al. (2004) Ambient
air pollution and cardiovascular emergency department visits. Epidemiology
15(1): 46–56.
32. Le Tertre A, Medina S, Samoli E, Forsberg B, Michelozzi P, et al. (2002) Short-
term effects of particulate air pollution on cardiovascular diseases in eight
European cities. J Epidemiol Community Health 56(10): 773–779.
33. Lucas RM, McMichael AJ (2005) Association or causation: evaluating links
between environment and disease. Bull World Health Organ 83(10): 792–795.
Temperature and Hospital Admissions in Copenhagen
PLoS ONE | www.plosone.org 7 July 2011 | Volume 6 | Issue 7 | e22904